In this paper a method for fabricating deterministic microasperities on stainless steel by a photolithographic lift-off technique followed by electrodeposition of nickel is presented. Triangular asperities with an asperity area fraction of 0.20 are deposited onto a stainless steel disk. Chemical mechanical planarization (CMP) polishing is employed for adjusting the heights of the asperities. The surface profiles of the asperities are then characterized. Results show that the surfaces of the as-deposited asperities have a curved profile with one side shorter than the other. The surface profile becomes more uniform after polishing in the CMP machine but polishing tends to round the edges and corners of the asperities. Additionally, polishing results in the grooving of channel in the substrate in between the asperities and chips the asperity walls.
INTRODUCTION
The impact of deterministic microasperities on fluid film lubrication has been an interesting topic for study for quite sometime.
Deterministic microasperities are asperities of defined size and shape that are engineered onto a surface. There are two kinds of deterministic microasperities, i.e., positive asperities or protruding posts and negative asperities or cavities.
Anno et al. [1] and Hamilton et al. [2] , in their studies, fabricated microasperities by soldering a thin copper plate on a steel surface and then selectively photoetching the copper plate to a designed shape. This technique requires an additional piece of copper to be mounted on the steel surface. In addition, the etching process is generally anisotropic for polycrystalline materials [3] which will leave an undercut in the asperities. Anno et al. [1] also reports that the etched surface was fairly rough which prevented a reasonably accurate estimate of the asperity heights.
The present work employs a photolithographic lift-off technique followed by electrodeposition of nickel to fabricate positive nickel asperities onto a stainless steel disk. The asperities are polished in a CMP machine for reducing the height. The surface profiles of the asperities and the substrate surface are analyzed using a 3D optical profilometer (Model: ZYGO Newview 5032).
FABRICATION METHOD
The 7.62 cm (3 inches) stainless steel disk was first sand blasted and then polished in a CMP machine using a water based colloidal silica slurry called NYACOL SP-599. The roughness of the polished surface was ≈ 0.02 µm. The disk was cleaned first by cleaning soap and then in an ultrasonic cleaner for 10 minutes to remove all embedded silica particles. It was then pickled in concentrated nitric acid for 2 minutes for removal of scales. Finally, the specimen was vapor degreased using isopropyl alcohol to remove traces of oil and grease.
The structures of the asperities were generated by a photolithographic lift-off technique using Microposit S1813 positive photoresist. Metallization was done by electroplating nickel in a sulfamate bath. Before [6] . Another step of activation was then carried out by Wood's strike at a current density of 50 mA/cm 2 using a ground depolarized nickel anode. After activation, nickel was electrodeposited in a sulfamate bath using sulphur depolarized (SD) nickel round anodes at a current density of 10 mA/cm 2 and a pH level of ≈ 4.1. Electroplating was carried out for a period of 50 minutes for an estimated asperity height of 10 µm.
The specimen was later polished in a CMP machine using a UNALON LP-87 polishing pad with a nominal load of 66.25 N/cm 2 (96.1 lb/in 2 ) on the asperities. The specimen was first polished for 6.5 minutes and the asperities were imaged in the ZYGO system. The specimen was subsequently polished two more times, 6.5 minutes each and the asperities were imaged in the ZYGO system after each round of polishing.
RESULTS
Results show that the surfaces of the as-deposited asperities have a curved profile with one side shorter than the other. Such pattern of the surface profile exists over the entire surface. The surface profiles of the asperities assumed a more uniform shape after polishing in the CMP machine. CMP polishing, however, tends to round the edges and the corners of the asperity. In addition, channel is grooved into the substrate in between the asperities. The rate of depth of grooving of the channel increases with time. The walls of the asperities are also chipped away. The reason for such behavior is attributed to the cutting action of the abrasive particles dragged by viscous action of the thin slurry film against the substrate and the asperity walls. Fig. 1 and Fig. 2 show the surface profile along an arbitrary line on the surface of an asperity and the average depth of the channel at various stages of polishing. 
